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ABSTRACT
In higher education we are confronted with a 
number of challenges. This includes an increas-
ing diversity of students with respect to their ba-
sic knowledge, motivation and learning skills. To 
overcome these challenges, we changed the in-
structional strategy from traditional lectures to-
wards a more seminar-like format that actively en-
gages students. 
In this article, we will reflect on difficulties that 
arose when implementing a voting system in a 
first-semester business mathematics course. We 
will give an insight into how we redesigned the 
traditional lecture in order to successfully launch 
this instructional strategy. In particular, we will 
show the extent of the benefit gained by combin-
ing an audience response system with a peer-in-
struction phase.
Keywords: audience response system; peer-in-
struction; mathematics; student activation; field 
report
1. INTRODUCTION 
As part of the ongoing improvement of teaching at 
universities, especially in mathematics, numerous 
didactic concepts have been worked out in terms 
of designing lectures. These concepts are pri-
marily developed for lecturers to tackle challeng-
es that universities are faced with and that have 
gradually intensified in the past years.
First of all, this includes dealing with heterogene-
ous learning groups, not only with respect to ex-
isting basic knowledge but also with respect to 
available learning skills. Furthermore, challenges 
arise when being confronted with students’ atten-
tion deficits (Gerbig-Calcagni, 2009; Hoppenbrock 
& Biehler, 2012). Besides, we observe that stu-
dents are barely motivated to learn mathematics. 
This may also be a result of bad experiences they 
previously had in school. Students may find math-
ematics too difficult, too theoretic, or too abstract, 
and therefore even the smallest interest in math-
ematics is repressed (Farren, 2008; Lach & Sak-
shaug, 2005).
To improve students’ motivation and stimulate in-
teractivity, as well as to increase students’ at-
tention, we decided to implement an audience 
response system (ARS) in first-semester busi-
ness mathematics courses. The lecture was held 
for two student groups in two different cours-
es of study (C1 and C2). Throughout the semes-
ter, both groups were divided into two classes (S1 
and S2).
2. DIDACTICAL CHALLENGES AND 
SOLUTIONS
It is well-known that various classroom activat-
ing techniques (CATs) exist, such as, for instance, 
brainstorming, inside-outside circles or Think-
Pair-Share (see Brinker & Schumacher, 2014; 
Hoffmann & Kiehne, 2016 and references there-
in). Although these methods usually can be used 
without major preparation, we observed that they 
were either hardly applicable to a mathematics 
lecture or that they did not arouse students’ inter-
est in participating. We not only tried to activate 
the class via buzz groups and quizbowls, but also 
with a Taboo game and traffic light polling. None 
of the strategies met expectations when it came 
to stimulating interaction.
It was only when the ARS was introduced that 
students’ enthusiasm increased. The objective 
was to adopt this instructional method so that, 
on the one hand, it would preserve the advan-
tages of other didactical methods, such as easy 
handling and offering of learning support for stu-
dents, and, on the other hand, it minimizes disad-
vantages, such as a lack of intrinsic student moti-
vation and problems in terms of promptly getting 
and evaluating feedback. In order to achieve di-
dactical surplus in activating students via an ARS 
– and not only to gamble in class – different chal-
lenges needed to be met.
Challenges of introducing the ARS in the course 
occurred at different levels. First of all, challenges 
on the instructor’s level must be considered. The 
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effective use of an ARS in lectures requires a lot 
of experience. Being familiar with the use of ARSs 
not only helps to create an atmosphere which en-
courages students to give feedback, it also helps 
to evaluate the students’ responses and to react 
accordingly to them during the course. Applying 
an ARS, responses are predominantly queried by 
the answer options of the multi-choice questions 
asked. That is why the quality of the feedback is 
closely related to the quality of the questions and 
their answers. Aspects of formulating good ques-
tions can be found in Miller et al., 2006; Beatty et 
al., 2006; Caldwell, 2007. Unfortunately, only a 
few comprehensive libraries of questions suitable 
for ARSs are available, mainly for physics teach-
ing. Since we implemented the ARS in a business 
mathematics course at a university of applied 
sciences, we decided to create our own questions 
that are more application-oriented and hence 
adapted to the needs of this course of study. Cre-
ating adequate, customized, and high-quality di-
dactic questions is a very time consuming pro-
cess that also includes phases of adjustment and 
correction. 
Another challenge on the instructor’s level deals 
with the fact that the implementation of an ARS 
also takes time in the lecture, which cannot be 
used to transfer content. Therefore, it is inevita-
ble that the teaching material must be reduced 
(Knight & Wood, 2005; Caldwell, 2007). To over-
come this challenge, we concentrated on the con-
tent that was of major importance for the students 
during their study. The reward was twofold. By 
concentrating on the reduced lecture content, stu-
dents obtained a better understanding of the con-
tent in general. At the same time, this enabled the 
instructor to motivate students to learn, by point-
ing out where exactly in the future of their stud-
ies the course content can be applied (Caldwell, 
2007; Elliott, 2003).
Finally, challenges on the students’ level were en-
countered as well. The course addresses first-se-
mester students that are not yet familiar with aca-
demic teaching. This open-mindedness helped to 
implement the ARS. In the inaugural lesson, we 
introduced the ARS by emphasizing the rules of 
its application in class and related educational ob-
jectives (see Chapter 3). In a test vote we then 
practiced the handling of an ARS to accustom stu-
dents to both the handsets and courses of action. 
Spending time on making the new teaching meth-
od transparent provided the benefit that the lu-
dic aspects did not displace the serious aspects. 
Even though there was a possibility to personal-
ize keypads, we stressed we would not use this 
feature so that anonymity was guaranteed during 
voting. As a result, the acceptance threshold was 
low and students responded to the questions, al-
most without any fear of embarrassment.
3. DESIGN AND DISCUSSION
According to Clark (1994), it is not the instruction-
al technology itself but the instructional design 
that influences students’ learning. The study re-
ported in Van Dijk et al. (2001) shows that interac-
tion in the classroom will not mean, as a matter of 
fact, that students are more engaged compared to 
traditional lectures. On this account, the following 
is devoted to show how the ARS has been suc-
cessfully embedded into the lectures.
First, we note that in the inaugural lecture, didacti-
cal objectives and reasoning linked to the applica-
tion of an ARS, as well as the rules and the ways 
of using an ARS in the lectures were outlined in 
a proactive and transparent manner. This strate-
gy made students aware of the fact that the use 
of an ARS is less a quiz show in class, but rather 
a supportive method of learning through providing 
prompt feedback. To preserve seriousness, we 
not only employed the ARS selectively and spar-
ingly but we also associated the use of ARS with 
detailed routines. The latter helped, thanks to the 
repetition, to focus students on the lecture. This 
included independent distribution of handsets to 
students when entering the lecture hall and auton-
omous and silent reading of presented questions.
It was not easy to decide when to stop the time 
for reflecting on the questions. As the semi-
nar groups are heterogeneously composed, stu-
dents answered questions at different speeds. We 
waived the possibility of a specifically fixed time 
period to answer the questions, since we had de-
signed questions with different levels of complex-
ity. Therefore, it was challenging to estimate an 
appropriate time limit for each question a priori. 
In practice, we pursued the strategy of announc-
ing the remaining time of five seconds by count-
ing the seconds down vocally and gesturally once 
more than half of the group had voted. This en-
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sured that most of the students reflected the 
question and made a decision with good reason. 
A survey among students concerning this time 
management revealed that a vast majority consid-
ered it as reasonable (see Figure 1). They agreed 
across all seminar groups and across both pro-
grams of study. This confirmed that the chosen 
approach to time management was perceived to 
be reasonable by a vast majority of students.
of students.
How do you rank in general the time you had available to answer the questions?


























(A) (B) (C) (D) (E)
C1 S1 (n = 40)
C1 S2 (n = 40)
C2 S1 (n = 36)
C2 S1 (n = 36)
Figure 1: Results of survey relating to time management of an-
swering questions
The voting procedure was followed by a peer-in-
struction mode (Mazur, 1997; Crouch & Ma-
zur, 2001). After the students had voted, we re-
vealed a bar plot showing the distribution of the 
votes. At this time, we neither solved the question 
nor gave any hint to the solution. Subsequent-
ly, students formed little groups consisting of two 
or three neighbors to discuss their individual re-
sults. For this discussion among peers, we pro-
vided two to five minutes, according to need. Ar-
gumentatively, they tried to explain their choices 
and to convince others of its correctness, or they 
tried to reject other approaches. Finally, they con-
verged on a more widely accepted solution. This 
being the phase engaging students the most, stu-
dents could adjust their results and verify their un-
derstanding of specific concepts. We observed 
that this peer-instruction phase motivated already 
active students to play an active part in their peer 
group. It was not rare to see that they were suc-
cessful in involving shy students in the discus-
sion. This is an advantage over lectures without 
peer-instruction since one hardly reachs those 
who are only silent observers of the lecture. If 
there were students without neighbors or stu-
dents who did not want to participate in the dis-
cussion, we encouraged them to join a team. Dur-
ing this peer-instruction phase, we left the central 
position at the head of the classroom to circu-
late and adopt an observing role. Interestingly, 
this allowed us to follow discussions of the peer 
groups. Doing so, we were able to detect individ-
ual problem-solving strategies and different ways 
of thinking. We were able to address this insight 
in class at a later time and, furthermore, this in-
sight helped to create new “distractors” for further 
questions. Beyond that, another side effect arose: 
when arguing and explaining, students gained 
confidence in their abilities. Such positive experi-
ences had a motivating effect.
In practice, students often did not think strict-
ly on their own about the question asked in the 
first voting phase, nor did we insist on that. They 
rather started discussion in small teams, wheth-
er in order to get access to the solution, or in or-
der to reassure themselves of their own decision. 
We observed, that this did not make the following 
peer-instruction mode unnecessary because then 
students often formed other groups and hence, 
initiated fruitful discussions anew. Nevertheless, 
this pre-discussion also enabled students to solve 
the question on their own, if desired.
Following the peer-instruction phase, we showed 
the new distribution of the votes and asked a stu-
dent that had changed his or her answer to ex-
plain why the new decision is correct. If needed, 
further questions from the audience were an-
swered either by students or by the instructor. In 
total, this strategy took an average of 15 minutes 
per question.
In class, we asked students how they experi-
enced this learning method, i. e., the blend of an-
swering questions and consulting peers, and how 
this helped them to understand the lecture con-
tent. Figure 2 shows the results of this survey. It 
is clear that according to the students, ARS and 
peer-instruction supported the learning process.
The blend of answering questions and consulting peers helps to assess my knowledge and con-
tributes to an understanding of the lecture content.
(A) I entirely agree.
(B) I agree in large parts.
(C) I am undecided.
(D) I disagree in large parts.






















(A) (B) (C) (D) (E)
C1 S1 (n = 40)
C1 S2 (n = 40)
C2 S1 (n = 36)
C2 S1 (n = 36)
Figure 2: Results of survey relating the helpfulness of an ARS to 
the learning process
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In the context of including an ARS into the lecture, 
two major issues needed to be resolved. First, we 
had to be aware of how many questions we would 
like to ask in one lecture. Second, we had to de-
cide how to integrate them into the lecture.
Due to temporal restriction but also to ensure 
more varied instruction, in general we recom-
mend to ask one question per lecture, and, rare-
ly, two questions. This is because we realized that 
regardless of the seminar group, the level of con-
centration declined as the number of questions in-
creased. There were three different strategies in 
terms of temporal placement of the questions that 
we employed without preference. In the first strat-
egy, we used questions to start lectures. This pro-
vided the advantage that students’ attention and 
concentration were immediately focused on the 
lecture. In this way, we could get feedback on stu-
dents’ state of knowledge and equally recall the 
material of the last lecture.
It is well-known and empirically proven that the 
average time span of an adult’s concentration has 
a length of about 20 minutes (see Burns, 1985; 
Middendorf & Kalish, 1996 or, for a detailed dis-
cussion, see Bligh, 2000). Taking this fact into 
consideration, we also used the questions as 
means of breaking long talks into shorter seg-
ments. This helped students to refocus on the 
topic and increased their attention. Furthermore, 
by interspersing questions in the lectures, we also 
could detect conceptual difficulties and problems 
with understanding. We then adapted the lec-
ture’s speed and content in time, if required. Time 
that students spent reflecting on lecture’s con-
tent could be saved, as we were no longer forced 
to constantly repeat material – thanks to a better 
comprehension.
We also used questions to end lectures. Here, 
monitoring the progress of learning laid in the 
foreground. This gave a good opportunity to re-
flect on content material and to highlight impor-
tant issues. Surprisingly, several times students 
even preferred answering a question at the end of 
the lecture rather than ending it early. This was in-
terpreted as an indication that students were mo-
tivated to learn. Nevertheless, we noted that it is 
necessary to have enough time left to answer and 
discuss the question. In case of time constraints, 
we suggest skipping lecture content rather than 
interrupting the peer-instruction phase or rushing 
through. 
In addition, to activate students within the lecture, 
we tried to engage students between the lectures 
as well. Students were asked to create their own 
questions that we promised to present in class. 
The objective of this approach was to motivate 
students to study lecture content at home and to 
add an additional period of reflection. As a result, 
in total, we received five questions from four stu-
dents that belong to two different seminar groups 
in the whole semester. The ways they formulated 
the questions and the degree of complexity they 
used provided supplementary feedback.
4. SUMMARY
Giving lectures at universities becomes more and 
more challenging because an increasing hetero-
geneity of study groups can be expected. We il-
lustrated how we implemented an ARS combined 
with a peer-discussion phase in a business math-
ematics course to support learning. During the 
questions asked in the lectures, we observed an 
average participation rate of 98% of the students. 
Since answering the questions in general required 
a discussion of the mathematical concept behind 
them, we deduced that, at least at this state, stu-
dents’ motivation and participation increased. We 
also observed that students were more engaged 
to ask questions about the lecture content than 
we experienced in lectures without an ARS.
Even though major problems were avoided and 
negative experiences were rare exceptions, it 
became clear that the use of ARS without fur-
ther considerations could also lead to undesired 
side-effects that can be counter-productive to stu-
dents’ learning success. That is why careful plan-
ning in terms of the application of the ARS is cru-
cial. This includes the preparation of educational 
questions to be asked in class as well as the time 
in which they are to be posed.
In conclusion, we stress that the students enjoyed 
the variety which was brought into the
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course through the engagement via the ARS. This 
perception is underlined by the survey present-
ed in Figure 2. There, students voted that they 
find the use of the ARS very helpful and that they 
think it contributed to their learning. Instructors’ 
practical experiences reflected in higher student 
motivation correspond entirely with these positive 
results.
We would like to end this section by presenting 
a survey that we carried out at the end of the se-
mester (see Figure 3). This survey emphasiz-
es that the students take positive stance towards 
the instructional strategy of combining an ARS 
and peer-instruction methods in the way report-
ed here. This, in turn, motivates us to continue im-
proving our approach.
How do you evaluate the application of an ARS in the next semester’s lecture?
(A) Entirely positive.
(B) Positive, but I wish to use
the ARS less frequently.
(C) I am undecided.
























(A) (B) (C) (D) (E)
C1 S1 (n = 40)
C1 S2 (n = 40)
C2 S1 (n = 36)
C2 S1 (n = 36)
Figure 3: Results of survey relating to further use of ARS
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